Abstract. The paper explains the conceptual framework of so called costs, effects and resources map that is intended to support performance analyses of the production value stream. Its purpose is to enhance manufacturing decision taking processes by providing relevant information related to production flows. The tool consists of five modules: production system model (value stream map), cost module, financial statement and inventory valuation module, resources analyses module, and operational metrics module. The tool has been equipped with appropriate metrics that enable analyses of production system dynamics. In the last section of the paper example application of the tool in the production environment has been explained.
Introduction
Lean production (also known as the Toyota Production System) triggered a global transformation in virtually every industry over the last decade and became the foundation of dozens of books [1] . According to Womack, Jones and Ross, lean production is a means for rapidly developing world-class manufacturing skills without massive capital investments [2] . Many companies try to imitate the Toyota Way developing their production systems based on lean assumptions. However, numerous operational initiatives are often rejected as traditional cost accounting systems do not provide relevant and timely information to support them. Great amount of publicity has been generated by the writings of many authors criticizing current management accounting practices and their lack of relevance to today's business imperatives. Some authors advocate that many accounting textbooks teach the managers to put aside understanding the concrete particulars of how the business organizes work and focus exclusively on abstract quantitative generalizations about financial results [3] . According to Johnson managers too often manipulate processes to achieve accounting results, instead of monitoring well-run processes and occasionally checking accounting results [4] . Other authors suggest that cost cutting exercises are too often ritual activity which gives the appearance of something happening rather than the probably much needed but less comfortable rethink of some underlying causes of cost [5] . Some other argue that cost improvements not only come from reducing direct expenditures but also from properly managing indirect costs. According to Miller and, most production managers understand what drives direct labor and material costs but are much less aware of what drives overhead costs [6] .
Value stream costing proposed by Maskell and Baggaley is one of the methods that can be successfully applied for measuring performance of a lean production system [7] . Although perfectly tailored for lean production organizations, it can be of little use by companies that are in an early stage of a lean journey . The authors articulate this by stressing the need for numerous "lean assumptions" that must be in place before the method can be effectively used [7, p. 140] . In the paper alternative method for measuring performance of a production system will be presented. The objective is to present a way of measuring system's performance regardless of the company's "lean maturity". The method is also intended to serve as a tool for monitoring current performance, estimation of gains envisioned by future state blueprints and individual improvement initiatives as well as assessment of value stream performance over time.
Conceptual framework of the tool
Production value stream's costs, effects and resources map (called hereafter value stream cost map) is a model used for measuring the performance of the selected manufacturing area modeled by means of the value stream map. The idea behind the model assumes the integration of a value stream map with a set of appropriate modules that aim at explicit description of the production system's state over time. The concept has been graphically presented in Figure 1 .
The core of the model is given by the production value stream map (see 1 in Fig.  1) . A Value Stream Mapping tool derives from Toyota's standard method for portraying material and information flows and was adapted by Rother and Shook into value stream maps [8] . According to Womack and Jones, the mapping process clearly reveals the potential for a major leap in performance if a relatively small number of flow and process improvements can be conducted and then sustained [9] . To measure the performance of any given value stream over time, four integrated modules have been proposed: 1. Cost module (or positioned cost pools module), in which each cost category is broken down into cost pools and any given cost pool is positioned along appropriate processes; the cost module enables assignment of costs to production entities (see 2 in Developed model represents a performance measurement platform that can be used for assessing any given production system in financial and operational terms. The model can support the analyses of: 1. State of the production system over time; 2. Financial consequences of changes presented on a value stream future state map along with establishing a set of necessary conditions required to implement operational ideas envisioned by a future state blueprint; 3. Individual improvement initiatives and investments (creation of financial scenarios based on different operational assumptions); 4. Value stream process costs and their root causes.
Cost pools and cost objects. Assigning costs to cost objects.
It has been assumed that in the model processes visualized by process boxes will form basic cost objects. Assignment of costs onto cost objects is a three-stage process that consists of the following steps: 1. Grouping cost into cost categories; 2. Braking cost categories into cost pools; 3. Assigning cost pools to a single process or group of processes.
It has been proposed that depending on the needs any cost category can be created. Cost categories must than be allocated to the processes (cost objects) using pre-defined cost pools. Three types of cost pools have been defined: single process cost pool, group of processes cost pool, and value stream cost pool. The example configuration of cost categories and their value stream assignment has been shown in Figure 2 . This form of visualization is aimed at achieving production value stream cost identification and tracking. In addition, costs of shared resources can be visualized as value stream cost map is being created. This is true for both costs (resources) shared within sub-streams within any given value stream as well as costs (resources) shared by different value streams within the same company.
Resources shared within different value streams
Since a part of a value stream may be shared among different value streams within single production entity (what can not be seen on the value stream map), it is important to include this information on the value stream cost map. The way this information can be contained on the map has been visualized in Figure 3 . Shaded cost pools on the cost map indicate that the processes share the resources (people, machines, space, etc.) with other value streams. In order to asses the level of sharing cost allocation must be performed. It is suggested that for this purpose single cost drivers are used or the calculations with use of activity-based costing method is performed [10] . It can be seen from Figure 3 that part of labor, machine and energy costs assigned to process No. 1 is shared with the value stream referred to as S2. On the other hand, value stream non-direct costs are the part of total overhead factory costs and are shared with two other value streams referred to as S2 and S3. 
Resources shared within different value stream sub-streams
In the case a value stream consists of different sub-streams, value stream cost map shall contain cost information about each of them. The example of the cost map consisting of three parallel streams has been shown in Figure 4 .
The figure presents example cost structure assigned to the main stream (A) and two sub-streams (B and C). The following are the general rules for the design of a cost map consisting of additional sub-streams (see Figure 4 for reference). 1. The main stream and sub-streams shall be identified (see respectively A, B and C on Figure 4 ); 2. All sub-streams ought to be located above main stream of the production value stream; 3. Processes belonging to sub-streams shall be assigned their own cost pools (1 and 2 respectively). It is suggested however, that the same cost categories as in the case of the main stream are used; 4. Cost pools of shared resources should be shaded (see also point 2.3); 5. Those cost pools that are shared both within main stream and sub-streams should be dotted. It is suggested that one writes down which processes or substream any given cost pool is shared with. For example: a. Cost of energy is a shared cost of the main stream and all other substreams; b. Labor cost is a cost shared between processes A3 and C2 (see 3 and 3' in 
Financial statement and inventory valuation module
Financial results are calculated using throughput costing methodology to prevent overproduction. This implies that all costs except from material costs are regarded period costs. What is more, in valuing the inventory only material costs are taken into consideration. 
System dynamics analyses
The static nature of the value stream map and dynamic nature of the production system calls for measuring the state of the production entity over the time. The analyses of system's dynamics will be explained on the example of the analyses related to inventory value. This type of analyses is twofold and aims at establishing the following: 1. What is the value of inventory in the value stream and what had been the reasons behind the raise (or fall) of inventory value against previous reported period; 2. How current inventory relates to the overall, long-term trends. Figure 6 presents the example of how the dynamics of inventory value can be tackled using value stream cost map. Figure 6 presents raw materials section from the cost map presented in Figure 5 . First set of indexes (1) explains the changes in the inventory value against last period. The second set of metrics shows the long-term inventory value trend. It can be deducted from the data seen in Figure 6 that 76% raise in volumes manufactured (I q =1,76) as well as 1% fall of prices reported in the last period (I p =0,99), resulted in 75% raise of inventory value (I v =1,75) as compared with previous reporting period. In addition, in 75% of cases the inventory residing in the system was worth more than $268.231 (Q 1 =$268.231), and the company had to keep on average $331,091 worth of inventory so far (Avg=$331,091). What is more, average inventory value growth rate reached the level of 13.397$ per period (T=$13.397).
The same set of measures have been used for examining the dynamics of other parameters of the value stream cost map. Presented approach is intended to track the dynamics of the outcomes achieved through daily value stream management routines as well as changes to existing manufacturing practices.
Resources analyses module
Another important aspect of a production value stream performance measurement procedure is the way the actual use of resources is measured. At least two very important "lean" aspects should be taken into consideration: 1. Production equipment usage; 2. The use of human resources.
Production equipment usage
The method for measuring machinery usage has been graphically presented in Figure 7 . The data in Figure 7 suggests that the value stream carried out production on 40 out of 60 available production shifts within last reporting period (at the same time, 60 available production shifts equals maximum capacity of the value stream) (1). The data implies that machinery remained idle for 33% (2) of the time in the last period. Compared to the previous reporting period, no changes had been noticed in that matter (3) . However 75% of cases, production equipment stayed non-productive for not less than 33% (4) .
In addition to the usage of the machinery, it is important to consider the use of human resources as well as associated labor costs and its productivity.
Human resources usage
Given that human resources are active does not necessarily imply that they are productive. Hence, there is a need to distinguish between different types of human activities carried out and the amount of time they require. The basis for comparison is the time devoted to production which can be divided into categories shown in Figure 8 .
Each category that impacts the use of resources in a given process (1) has been assigned percentage of time out of total available time used by the process in the analyzed period (2) . In addition, each category has been equipped with appropriate indexes similar to those presented on Figure 6 to measure the dynamics of changes as improvement initiatives take place (3). Given the example from Figure 1 one can arrive at the following conclusions: 1. 40% of time the resources were used for actual production 8.3% of which was overproduction. 2. Even though production volume was higher than required, customer satisfaction reached only 95% (the value stream produced more than expected however not the part numbers that were needed) (4).
It important to realize that the time used for production was close to 40% what suggests that the rest of it was wasted (see relevant categories in Fig. 8 ). It also implies that one should search for causes of wasted human effort that is the effect of existing production practices.
If connected to the cost module, the tool enables the following:
1. Analyses of the cost of waste related to any activity within value stream; 2. Analyses of the potential gains due to waste elimination.
These two enablers will be explained in more detail in point 3.
Additional metrics module
Depending on the production type, metrics used by the company/corporation, or individual needs of the user, the cost map may be supplemented by additional set of operational and financial indexes. In addition, the dynamics of the parameters can be measured by means of proposed set of indexes explained in point 2.4. 
Application of the tool
The application of the cost map will be explained on the example of the company manufacturing metal nets used in coal mines. The data was gathered on the basis of six-month project. Four complementary ways of use have been graphically presented in Figure 9 .
As it can be seen in Figure 9 , the model is based on the production current state value stream map (1). The tool can be used for the following analyses: 1. value stream current state operational and financial performance measurement (1); 2. monitoring operational and financial performance of the value stream over time (2); 3. operational and financial assessment of the future state blueprint; 4. operational and financial assessment of the individual improvement initiatives (both technical and organizational) (4).
The application of the latter issue will be explained in more detail in the following section of the paper. It has been assumed that the reference for the following analyses will be the cost map designed in May 2006.
Operational and financial assessment of the individual improvement initiatives
Modernization of the existing fabrication cell became the study with use of value stream cost map methodology. Improvement ideas became the subject to further assessment. Proposed changes were related to reduced cycle times and improved use of production resources. It had been assumed that additional investment ($ 1.320 for fixtures and $5.000 for employee training) would be required. Achieved results in form of the value stream cost map are presented in Figure 10 . Figure 10 proposed organizational and technical changes lead to the following considerations: 1. The same production volume might be manufactured using half of the resources available (1); this in turn leads to 50% reduction in direct labor costs (2); 2. Increase in productive use (3) and at the same reduction in non-productive use of resources (4); 3. 10% reduction in value stream costs and 64% profitability increase (5); Similarly to the future state financial considerations it is possible to propose many different scenarios based on different assumptions. What is more, the model can be used for assessing the impact of operational changes that may not have any influence on bottom-line results. In this case such a scenario may be rejected.
Summary and conclusions
The platform for measuring performance of a production value stream called value stream cost map has been presented. In the research work, value stream mapping method has been linked to the cost analyses module and integrated with: 1. financial statement and inventory valuation module (based on throughput costing methodology); 2. resources analyses module; 3. operational metrics module. Graphical structure of the model supports analyses of the state of a production value stream with parallel focus on resources usage, costs, profits, value of inventory, and other important operational and financial parameters. The potential users of the model are manufacturing engineers and production managers who look for appropriate tool to support their strategic and daily operational decisions.
The model is an alternative solution for the existing performance measurement systems (particularly traditional cost accounting and management systems). It has been proved that it can be successfully applied by the production facility. The major distinction to value stream costing proposal is that the value stream cost map: 1. Does provide alternative method for measuring profitability and resources usage as well as the costs of individual processes and the entire value stream;
